INTRODUCTION
Natural disasters -earthquakes, typhoons, hurricanes, floods, cold and heat waves, droughts and volcanic eruptions -are a constant presence in all our lives, but especially so for the poor. Disasters are especially prevalent in the most populous region of the world (Asia) and most catastrophic in the destruction they wreak in the poorest countries (e.g., Haiti in 2010). Disasters, however, occur everywhere, and their direct financial costs have been increasing for the past several decades.
The poor, both in low-and higher-income countries are especially vulnerable to the impact of disasters, so that disasters are not only of interest to social scientists because of society-wide economic impact, their impact on the public sector which bears the costs of reconstruction, or because of their environmental impact, but also because of their importance in the processes of development, income growth, and income distribution. The World Bank, for example, devoted its 2014 World Development Report to the risk faced by poor households, poor regions, and poor countries, with a special emphasis on risks that are associated with natural events. The need to understand the role of disasters and their impacts on the poor, in creating and sustaining poverty, and in generating poverty traps, is even more acute as the changes due to human-induced climate change are predicted to be more extreme in poorer countries and will thus place additional barriers to poverty alleviation.
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The empirical and theoretical research on disasters has been evaluating the impacts of natural disasters on a diverse range of social and economic issues: the economic growth impact of disasters in the short and long terms, the fiscal impact of disasters, the impact on international 1 There is little certainty regarding the impact of climate change on the occurrence of natural disasters, though the most recent assessment by the IPCC concludes that the frequency of days with extreme temperature, of floods, and of droughts, is likely to increase (IPCC, 2012) . In addition, the spatial distribution of extreme events is likely to change leading to further impact as these will affect areas that are less prepared for them.
trade and financial flows, the impact on populations through migration and fertility choices, the impact on human capital accumulation, the importance of political economy in shaping the disasters' aftermath, and other related topics. The research on the impact of disaster shocks specifically on the poor is one branch of this wider 'disaster' literature that has not yet been adequately summarized, nor has there appeared to be any attempt to reach any general conclusions from the numerous case studies (country-specific, disaster-type-specific, or disasterevent-specific) that constitute the bulk of this research stream.
This lacuna is at least in part attributable to the complex nature of the inter-relationship between disaster impacts and poverty and welfare outcomes, and the consequent diversity of impacts across the investigated case studies. An additional difficulty, given this diversity of outcomes, is in identifying the precise channels -both direct and indirect -that describe the causal mechanisms. We aim to fill this lacuna using meta-regression analysis.
For readers who are not familiar with this methodology, meta-regression analysis is a statistical method, a regression that is used to evaluate a body of empirical research that is itself typically regression-based. It is especially appropriate for questions for which there are multiple studies using similar methodologies, but different datasets, different regression specifications, or different time-periods. Meta-regression analysis is a companion method to a narrative survey of the literature. It identifies empirical regularities in the investigated body of work that are more difficult to spot or to rigorously establish. It further establishes what characteristics of the data, the method, or the studies' designs are most closely associated with the observed empirical regularities. Stanley (2001) provides further details about the justification and the theoretical underpinning of the meta-regression method.
Here, we embark on an attempt to provide some generalizations about this literature through the use of a meta-regression analysis of this literature. Two strands of literature constitute our primary focus in this study. The first strand investigates the immediate (direct or first-order) effect of disasters on household welfare, on the poor specifically, and on society-wide incidence of poverty. The second strand explores the consequent indirect (higher-order) effects that have an impact on the lives of the poor, in generating additional poverty, or in the creation and sustenance of poverty traps. 2 Given the nature of our quantitative meta-analysis, we restrict our investigation to research projects that are empirical in nature, and thus exclude qualitative assessments, theoretical analyses, and work that relies on calibration of structural models.
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The diverse foci of these empirical studies and the multitude of different empirical findings clearly demonstrate the importance of synthesizing these research results formally in metaregression analysis. According to guidelines suggested by Stanley et al. (2013) , a statistical metaregression analysis is explicitly designed to integrate econometric estimates, typically regression coefficients or transformation of regression coefficients. To put differently, a meta-analysis is a quantitative summary of statistical indicators reported in a series of similar empirical studies; previous well-known examples include Card and Krueger (1995) , Smith and Huang (1995), Brander et al. (2006) , and Disdier and Head (2008) . We essentially provide an exploratory synopsis of the empirical literature analyzing the direct and indirect relationship among poverty, household welfare and natural disasters attempting to generalize from the contextual idiosyncrasies of each case-study.
Our contribution here is the synthesis of the microeconomic literature examining the heterogeneity of impact of disasters on the poor, using regression meta-analysis methodology. Two 2 Cavallo and Noy (2011) , following the ECLAC (1991) methodology, distinguish between the direct impact of suddenonset disasters (the immediate mortality, morbidity, and physical damage) and the indirect impact that affects the economy in the aftermath of the actual damage caused (including secondary mortality and morbidity, and on economic activity). The World Bank, in its survey Natural Hazards Unnatural Disasters (2010), employs a different terminology that makes essentially the same distinction: first-order and higher-order effects. 3 A companion narrative review of the literature that also describes the projects that employ other methodological approaches is Karim and Noy (2016) .
recently published papers, Lazzaroni and van Bergeijk (2014) and Klomp and Valckx (2014) , both conducted regression meta-analysis of the macroeconomic literature. They both focus on the impact of natural disasters on aggregate growth and conclude that while the average indirect short-term impact is largely negative, there is significant heterogeneity across countries, time periods, and types of events. Our contribution, therefore, provides useful microeconomic detail complementing the macroeconomic insights derived from this previous work. The organization of this paper is as follows: Section 2 details the data construction procedure. We first identify the algorithm that led to the choice of studies to include, and then providing detailed explanation of the specific categories of variables we included as both the independent and dependent variables in our regression analysis. This section follows closely the meta-analysis protocol outlined in Stanley et al. (2013) . This section also includes the relevant descriptive and summary statistics. Section 3 presents the methodological framework with the specifications we use and the functional form of the meta-regression. by following a well-defined procedure, and which includes all the relevant variables/measures we require for our statistical analysis. In our final sample of 38 papers, 28 had gone through a peerreviewing process. In order to attenuate any publication bias we also included working papers and other unpublished work we found while following our search procedure described below.
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Our base sample constitutes English-language papers identified through an extensive search using the main relevant search engines and electronic journal databases deploying combinations of keywords and terminologies. Papers have been collected between April and June, 2013. We searched in: EconLit, Google Scholar, JSTOR, RePec, Wiley Online Library, and the World Bank working paper series. The keywords we used in these searches were: poverty and natural 4 Goodman et al. (2013) describe the steps that are dictated in a standard meta-analysis protocol: "1) a thorough literature search; 2) clear and transparent eligibility criteria for selecting studies to include in the analyses; 3) a standardized approach for critically appraising studies; 4) appropriate statistical calculations to assess comparisons and trends among study findings; and 5) evaluations of potential sources of heterogeneity and bias." In this section, we describe steps (1)-(3), in the next section we describe (4), while the last two sections include detailed descriptions of the evaluations we undertook (step 5). 5 Unlike practice in some other research disciplines, in economics most research projects are posted online as working papers long before they are accepted for publication anywhere. Thus, by relying also on search engines that identify working papers we overcome much of the publication bias that could be a bigger concern had we not been able to access unpublished research.
disasters, inequality and natural disasters, impacts of natural disasters on household, weather shocks and household welfare, and impacts of natural shocks on the poor. We followed this by examining the existing bibliographies within these papers we already identified to further widen our sample. The studies we collected range from journal articles, to project reports, book chapters and working papers.
Out of 62 studies we identified, we were able to extract 161 separate observations from 38 studies of direct and indirect impacts on poverty and welfare indicators impacted through different types of sudden and slow on-set naturally occurring events. 6 The maximum number of observations taken from a single study is 20 and the average number is 4.2. (9) types of outcome variables is described in Table   3 . Among the outcome values (in percentage changes), consumption1 displays the maximum number of observations (39) The direct and indirect impacts of disasters have mostly been defined from the perspectives of income, consumption (for direct impact) and poverty and wealth indicators (for indirect or longer-term). We have further sub-divided income and consumption into two sub-categories while leaving wealth and poverty under one broad category. The direct and indirect impacts of shocks on health, education and labour outcomes have also been investigated in some of the studies in our sample; we classified health, education, and labour in one category each.
In order to conduct our analysis, without assuming that 'all disasters are created equal', we classified three different types of disasters: disaster 1 (hydro-meteorological), disaster 2 (geoclimatological) and disaster 3 (grouped natural shocks). Table 2 provides additional information.
Information on our procedure for standardizing the dependent variables is available in the appendix.
(b) Control variables
We recorded a set of control variables for the observations in our sample. The control variables are included in a binary format based upon their usage in the selected studies; i.e., when a particular control variable had been used in a paper we have recorded 1 and when the specified model failed to control for a specific variable, we recorded 0. The set of control variables whose inclusion we recorded are household/community characteristics (i.e. household heterogeneity including characteristics regarding household head), year and seasonal effects, regional characteristics (i.e., district dummies), demographics (population and labour force characteristics), socio-economic indicators (occupation, land ownership and access to safety net) and features indicating geographical and natural-environmental features. Comprehensive descriptions of all these controls are provided in table 2. In Appendix Table 1 we document the descriptive statistics of all the variables used to conduct this meta-analysis.
METHODOLOGICAL FRAMEWORK
Our main objective here is to generalize the direct and indirect impacts of natural disasters on households, poverty and welfare measures. We employ the following general econometric specification: yi = αCi + β Di + δxi + µi. The dependent variable in our regression equation is a vector of percentage change of disaster-impact indicators, labeled yi. Ci is the vector of outcome variables that are potentially examined in each paper i. Di is the set of shock variables (disaster and methodology) variables in binary format measured in each study i, while xi is the set of control variables included in the regressions of the original studies, all these are also in binary format. µi represent the error term; we assume the error terms are clustered by study. α, β, and δ are the vectors of estimated coefficients.
Heterogeneity in the precision of estimates is likely to be present due to between-study variation. Possible reasons could be differences in sample size or population, study design and methodologies employed. We therefore estimate the model with standard errors clustered by study.
7
We start with the most basic specification, estimated using ordinary least squares (OLS) with standard errors clustered by study. We continued with weighted least squares (WLS) estimation using the same control variable specifications as in the OLS regressions. The weights are determined by the square root of the number of observations in each of the original papers we investigated. Basing the weights on the square root of the sample size allows us not to place undue weight on the few studies with very large number of observations. We first examine the outcome variables in table 4. Generally, we find little statistical significance in the coefficients of these outcome variables. For income, for example, we mostly obtain a negative coefficient in most specifications. In this case, a negative coefficient is interpreted to mean that the impact of disasters on income (rather than on other outcome measures) is more negative. When compared to the average impact on other outcome measures, income is impacted more adversely, by 2.5 percentage point. That is, income declines by more. Disasters appear to decrease incomes more (in percentage terms) than other impact measures such as consumption.
While the coefficient on income is mostly negative and the coefficient on consumption is generally positive, they are not statistically different from zero (not statistically significant). It is important to 8 Longhi et al. (2010) , in their meta-study on the impact of immigration on employment and wages, adopted the technique of weighted least square with weights based on the square root of the sample size. 9 Model 1 excludes the education control as it is dropped because of multicollinearity. 10 The fit (R 2 and adjusted-R 2 ) of some of the models, especially in table 5, appears to be better for OLS compared to WLS estimations; see Willett and Singer (1988). note, however, that the coefficients are at times quite large, even if they are imprecisely estimated.
The largest coefficient we estimate point to an increase of consumption of 5.4 percentage points, ceteris paribus, relative to other variables of interest. The average decrease of an outcome variable was 2.0 percentage points (see Appendix Table 1 ).
This finding of a larger decrease in income, relative to consumption, in a post-disaster environment is the explicit conclusion arrived in several of the empirical case studies that are part of our sample.
11 In general, this finding of decreased income that is larger than any impact on consumption is suggestive that, at least in part, households and individuals are able to realize (partial) consumption smoothing through the supply of ex post credit (formal or informal), relief support, tax relief, or other mitigation policies. More results about the types of income and consumption that are impacted are available in Table 5 .
More intriguingly, the longer-term welfare measures that are sometime investigatedpoverty indicators, wealth and labour market measures-do not yield unambiguous results in the benchmark regressions in table 4. In the un-weighted regressions, poverty and wealth indicators are consistently negative, but these coefficients are not statistically significant, so we are reluctant to attach much importance to these estimates.
Two variables appear to be consistently estimated to be statistically significant. These are the controls for household heterogeneity, and for socio-economic characteristics. This finding endorses a theme that is found in several research projects. They typically point to differential access to recovery funding and/or credit as a major determinant of the post-disaster economic dynamics (e.g., Sawada and Shimizutani, 2008 , at the microeconomic level, and Noy, 2009, at the aggregate macro level). We can conclude here that disaster impacts are not 'an equal opportunity menace' and that disasters exact a differential impact on households with different characteristics belonging to different socio-economic strata. While we do not know the exact general pattern of differential impacts, prior evidence suggests that the poor are more adversely affected by disasters than groups from more privileged socio-economic backgrounds; especially when these affects are measured by poverty indicators or by health and labour outcomes (e.g. Noy and Patel, 2014) .
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Finally, when comparing the different columns in table 4, we observe that the weighted models, and the ones that include controls for the community, time, region, demographic, socioeconomic and geographical characteristics-models (1) and (3)-have a significantly higher fit (higher adjusted R 2 ).
A separate research agenda, whose methodology did not allow us to include many of the projects within this stream in the corpus of papers we examine, focus on the role of social cohesion in the affected communities and the various types of social capital (bonding, linking, bridging) in determining post disaster recovery. Aldrich (2012) includes a thorough investigation of this literature and a summary of the evidence. 13 For example, Aldrich and Sawada (2015) provide a recent investigation of the importance of social capital in determining mortality due to the tsunami wave generated by the Sendai earthquake of 2011. So, it might be the case that the variables we interpret as proxies for access to resources (credit or otherwise) are also correlated with the presence of social capital in the affected communities. Given our method, we are unable to differentiate between the two channels (nor do we think these are mutually exclusive interpretations of the evidence).
In Human capital (education) and health outcomes appear to be especially adversely affected by disasters. This is more explicit in the models (models 1 and 3) that include household and socioeconomic controls (as in table 4, these are also the models with a higher adjusted R 2 ). This decline in health and educational outcomes could potentially explain the observed and relatively milder impacts on consumption; though the methodology does not allow us to precisely identify that.
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The results on labour market indicators also portray the adverse (negative) impact of disasters particularly in models 1 and 3. 15 However, the impacts on wages and labour force participation rates could not be differentiated due to less variation in the disaggregated data.
As before, we still observe negative and statistically significant coefficients for household heterogeneity and the socio-economic characteristics -again supporting the hypothesis of differential impact of disasters. In this case, the coefficient for household heterogeneity in Table 4 (column 1 in OLS regression) indicates that if the estimated model does not control for household heterogeneity in the impacted households, this will mean that the estimated effect of disasters on income will be higher by 5.12 percentage points. That is, the impact on income would have been larger than 2.5 percentage point if not controlled for household heterogeneity in our estimated model. We find no statistically consistently observable difference in estimation results for the poverty, wealth, and health, labour, and education indicators, and across the various methodological approaches adopted in this literature. Finally, the estimates regarding the disaster indicators mostly illustrates the comparison between hydro-meteorological events-primarily floods, rainfall and tropical cyclones-and geo-climatological ones. We find no robust evidence that different types of disasters have a differential impact.
ROBUSTNESS CHECKS
As robustness checks, in Table 6 , we split our sample to samples focused on consumption and non-consumption outcome measures, and conducted meta-regression analysis with our baseline model and these samples separately. 16 We do not observe any systematic difference on poverty-disaster impact outcomes. The controls for household heterogeneity and socio-economic characteristics appear to be statistically significant in most cases as was the case previously.
However, the coefficients for household characteristics are found positive and significant in consumption outcomes. This demonstrates consumption smoothing through cutting non-food consumption (e.g. education and health) and spending more on food consumption in the aftermath of a natural disaster. The coefficients for household characteristics and socio-economic controls are negative and significant in non-consumption outcome measures suggesting their presence would further worsen the impact of disasters on this category.
CONCLUSIONS
Natural disasters affect households adversely, and they do so especially for people with focusing especially on the poor and on poverty measures. We find lower incomes and wealth that are less able to smooth their consumption. We conducted a meta-regression analysis of the existing literature on the impacts of disasters on households, much heterogeneity in these impacts, and this is most likely the most important insight gleaned from our analysis. There is no 'one-size fits all' description of the ways disasters have an impact on poverty, and the poor.
Yet, several general patterns that are observed in individual case studies also emerge.
Incomes are clearly impacted adversely, with the impact observed specifically in per-capita measures (so it is not due to the mortality caused by the observed disaster). Consumption is also reduced, but to a lesser extent than incomes. Importantly, poor households appear to smooth their food consumption by reducing the consumption of non-food items; the most significant items in this category are spending on health and education. This suggests potentially long-term adverse consequences as consumption of health and education services is often better viewed as longterm investment.
There are limits to what we can conclude using our methodology, especially since this metaanalysis is covering a fairly large and diverse literature. These limits are especially obvious as we note that we observe no robust insight on the impact of disasters in the longer term. It might be the case that only very large disasters impose long-term consequences on the affected, but it may also be the case that our measurements are not focused enough to enable us to identify what these outcomes are. There is, after all, significant evidence that adverse but short-term shocks can imply long term adverse consequences, especially within the context of under-development and poverty traps (World Bank, 2014).
The literature on the impact of disasters-both intensive and extensive-on the welfare of households, is growing daily. A remaining important task is to identify the channels through which the shocks impose more costs than the immediate impacts, so that policy intervention may mitigate those, while also trying to prevent the initial losses. The observation that we consistently find; non-food spending decrease in the aftermath of natural disasters is especially of concern, as it implies the possibility that disasters prevent long-term investment and therefore trap households in cycles of poorer education and health outcomes and persistent poverty.
The general pattern of post-shock dynamics is established with the meta-regression analysis we conducted here, and the need to develop the policy instruments that can deal with these dangers is clearer. One potentially promising tool for transferring this risk, and protecting households from the indirect impact of disasters is the provision of insurance. The distribution of insurance products, especially within the context of urban poverty in low-income countries, is facing significant challenges. This appears to be one potential tool that needs to be examined further. 
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